ABSTRACT Previously undiscovered isolates of Beauveria bassiana (Balsamo) Vuillemin (Ascomycetes: Clavicipitaceae) able to control Rhipicephalus (Boophilus) microplus (Canestrini) (Acari: Ixodidae) were obtained for the Þrst time in Argentina. The isolates were selected from three sources: 1) soil samples from the provinces of Corrientes, Formosa, and Chaco, where ticks are endemic; 2) dead female ticks; and 3) the fungal collection from the Entomopathogenic Fungi Laboratory of IMYZAÐINTA Castelar. To select the isolates, population parameters were estimated, LC 50 values of the most virulent isolates were calculated, and fungiÐacaricides compatibility assays carried out. Isolates B. bassiana 259 and 98 were the most virulent and effective to reduce the number of eggs, the percentage of larval hatching, and parameters r m (natural intrinsic growth rate) and (inÞnite growth rate) of Rh. (Bo.) microplus populations. The values of LC 50 were 1 ϫ 10 7 and 1.15 ϫ 10 7 , respectively, when applied to Rh. (Bo.) microplus eggs. In addition, they were compatible with acaricides. A novel methodology to evaluate the entomopathogenic activity of fungi on Rh. (Bo.) microplus ticks is introduced.
Rhipicephalus (Boophilus) microplus (Canestrini) (Acari: Ixodidae) is a bovine parasite responsible for substantial economic losses in husbandry in Argentina. These ticks transmit diseases such as babesiosis and anaplasmosis, and the wounds they generate on the animal are a suitable niche for other microorganisms and insects that can cause either infections and/or deadly blood losses in the inßicted animal (De Castro and Newson 1993) .
Although, thus far, control of ticks has relied largely on chemical agents, such as acaricides, several factors are encouraging the search for alternatives to control these pests (Kay and Kemp 1994) . The uninterrupted use of these pesticides, although effective in the beginning, has prompted the development of resistance in the Rh. (Bo.) microplus population (Rosado-Aguilar et al. 2007 ). Second, consumer demand for organic foods is a growing market; last, these chemicals have a proven negative effect on the environment.
Rhipicephalus (Bo.) microplus is one of the agricultural pests reported to be hosts to entomopathogenic fungi (Alves 1986 ). Hence, microbial control with fungi such as Beauveria bassiana (Balsamo) Vuillemin and Metarhizium anisopliae (Metsch.) Sorok. (Correia et al. 1998 ) is one of the options considered to reduce the use of inorganic pesticides to control these ticks.
Several studies substantiate the effect of these fungi on Rh. (Bo.) microplus. Castiñ eiras et al. (1987) showed under laboratory conditions the effectiveness of two isolates of B. bassiana and three of M. anisopliae in eliminating 92% of the eggs of the tick in a 15-d period. Monteiro et al. (1994) reported 97 and 100% mortality of engorged females of Rh. (Bo.) microplus using M. anisopliae isolates. Likewise, Bittencourt et al. (1994) evaluated the effect of M. anisopliae on eggs and engorged females of Rh. (Bo.) microplus, showing signiÞcant alteration in the nonparasitic phase of the tick. Fernandez et al. (2003) have found an isolate of B. bassiana that causes a high percentage of larvae mortality, as well as a low percentage of larval hatching from eggs treated with the fungus.
In addition, it is important to know the compatibility of the use of entomopathogenic fungi and other control measures used in agriculture and animal management to avoid losses in efÞciency of this natural method of control . In some cases, compatible chemical products can be used with entomopathogenic fungi, which increase their efÞciency (Moino and Alves 1998) . The knowledge of the compatibility between entomopathogenic fungi and pesticides may facilitate the choice of the products used in integrated pest management (IMP) programs where the fungus is an important pest control agent. ).
Several authors have used different methodologies for the Rh. (Bo.) microplus control with entomopathogenic fungi (Monteiro et al. 1994; Bittencourt et al. 1994 Bittencourt et al. , 1996 Samish 2000; Fernandez et al. 2002 Fernandez et al. , 2003 . However, no reports have evaluated the effect of the fungi in the growth of tick populations along time.
The aim of this work was to select Argentinean B. bassiana isolates to control Rh. (Bo.) microplus at different biological stages, as well as to develop a new methodology for the analysis of tick bioassays. This new methodology allowed us to evaluate tick Þtness, fecundity, and cohort behavior.
Materials and Methods

Isolation of B. bassiana
Isolates from Soil Samples. Soils samples from two sites located in the province of Corrientes (27Њ15Ј S; 59Њ37Ј W; San Roque and Mercedes), one site located in the province of Formosa (26Њ11Ј S, 58Њ18Ј W), and two sites located in the province of Chaco (27Њ27Ј S, 58Њ51Ј W, Colonia Benitez and Pablo Vispo), Argentina, were collected to isolate the fungus.
The soil of San Roque is a typic Albaqualfs, the principal ßora is dry forest, and the secondary ßora is composed of serrano forests, palm tree forests, savannas, and halophytes steppes. Mercedes is located in the phytogeographical province of Spinal, where the soil is a vertic Argiudolls and the typical ßora is dry forest. At the Formosa site, the soil is an aeric Endoaquents, the main ßora is dry forest, and the secondary ßora is composed of Serrano forests, palm tree forests, savannas, and halophytes steppes. In Colonia Benitez, the soil is a typical Argiudoll, whereas in Pablo Vispo, the soil is an udic Argiustol; both sites present dry forest as the typical ßora (Cabrera 1953) .
The soil samples were kept in a refrigerator until they were processed. An aliquot of 10 g of soil was resuspended in 90 ml of sterile distilled water, and dilutions were carried out with TWEEN 80 0.05%. Then, 100 l of each dilution was spread on petri dishes with two different solid growth media: 1) oatmealÐ dodine basal medium (Chase et al. 1986 ), composed of (g/liter) oatmeal, 20; dodine, 0.46; agar, 20; chlorotetracycline, 0.05; and 2) dichloran rose bengal chloramphenicol agar (DRBC; Beuchat et al. 2001 ) composed of (g/liter) peptone, 5; glucose, 10; potassium dihydrogen phosphate, 1; dichloran, 0.002; magnesium sulfate, 0.5; rose bengal, 0.025; chloramphenicol, 0.05; agar, 15. The petri dishes were incubated at 26ЊC for 6 d. Microcultures from growing colonies were performed and analyzed under optical microscopy to identify the fungi according to Humber (1997) .
Isolates from Incubated Dead Rh. (Bo.) microplus Ticks. A total of 70 dead female ticks were provided by the Parasitology Laboratory (PL) of the Pathobiology Institute (INTA, Castelar, Argentina). They were placed in humid chambers and incubated for 3 d at 26ЊC. After the incubation period, the isolates were lifted from the ticks and placed in petri dishes containing complete medium agar (CMA) composed of (g/liter): potassium phosphate monobasic, 0.4; sodium phosphate, 1.4; magnesium sulfate, 0.6; potassium chloride, 1; ammonium nitrate, 0.7; glucose, 10; yeast extract, 5; agar, 15, added with chloramphenicol, 0.5. To identify the isolates, microcultures were performed.
Tick Colonies
The tick species used in this work was Rh. (Bo.) microplus. Tick colonies were kept at the PL. Tick eggs and larvae were incubated in a controlled environment chamber at 28ЊC, 80% RH, and 14:10 cycle of light/darkness. Ticks developed in a 12-mo-old bovine of the race Holstein (Bos taurus L., Bovidae) infested every 15 d with tick larvae. After 21 d, engorged females were collected from the stable soil and placed into a controlled environment chamber at 28ЊC and 80% RH until the end of the egg-laying period.
Bioassays
A total of 142 fungal isolates from engorged ticks (11 isolates), soil samples (91 isolates), and the collection of the Entomopathogenic Fungi Laboratory of IMYZAÐINTA Castelar (40 isolates) were screened on Rh. (Bo.) microplus to evaluate their virulence. Ten female ticks were tested for each fungal isolate. Ticks were disinfected with sodium hypochlorite (1%) for 5 min, washed with 2 liters of distilled water, and exposed to the fungus.
Cultures of every B. bassiana isolate were grown in CMA, and their spores were resuspended in TWEEN 80 at 0.05%. The spores were counted in an improved Neubauer chamber before adjusting their concentrations to 5 ϫ 10 8 conidia/ml. Ticks were submerged in the suspension of the fungal isolate for 5 min. After treatment, each tick was weighed using an analytical balance (OHAUS GT 410; OHAUS Corporation, Florham Park, NJ), placed individually in a petri dish (50 ϫ 15 mm) and incubated in a controlled environment chamber (27 Ϯ 1ЊC and RH Ն 80%) for a period of 15 d. The following biological parameters were recorded:
1. weight of eggs 2. initial weight of females 3. weight of quenogine female (after spawning female) 4. preÐ egg-laying period 5. egg-laying period 6. egg incubation period 7. larval hatching period 8. larval hatching percentage (calculated as the difference between a petri dish with larvae and one without, knowing that 1,000 larvae weigh 0.03 g; Fernandez et al. 2002) These parameters were used to construct life tables to estimate the net production rate (R 0 , total number of females by number of females produced in a generation), the natural intrinsic growth rate (r m, innate capacity to increase in number), and the inÞnite growth rate (, times when the population increases per unit of time) (Crespo et al. 2003 , Vasicek et al. 2005 ) using software speciÞcally developed in our institute to that end (La Rossa and Kahn 2003) .
These parameters are extremely important to evaluate potential sources for microbial control agents, because represents the number of times in which the population increases for unit of time, and r m expresses the reproductive potential of a population. The same parameter can be used to compare populations.
Theoretical population growth curves based on the following model
t (where N t and N 0 are Þnal and initial numbers of ticks, respectively; is inÞnite growth rate; and t is time) were used throughout the experiment to monitor the effect caused by the fungal treatment on the tick population density. Data were analyzed using analysis of variance (ANOVA), and means were compared by the Di Rienzo-Guzmán-Casanoves test (DGC; P Ͻ 0.05).
Based on the bioassays, the six most virulent isolates were preselected.
Compatibility of B. bassiana Isolates with Chemical Acaricides
Compatibility of the six preselected isolates of B. bassiana with the acaricides Triatix A (amitraz 12.5%; Schering Plough, Mé xico) and Cipersin (cipermetrine 20%; Biogenesis, Argentina) was studied according to Lecuona et al. (2001) . Final concentrations of the acaricide suspensions were adjusted to 0, 10, 50, 100, and 200% of the recommended Þeld application rate (RFAR). Isolates of B. bassiana were incorporated as 0.2 ml of 1 ϫ 10 8 conidia/ml suspensions in complete medium broth (CMB) composed of (g/liter) potassium phosphate monobasic, 0.4; sodium phosphate, 1.4; magnesium sulfate, 0.6; potassium chloride, 1; ammonium nitrate, 0.7; glucose, 10; yeast extract, 5 to a Þnal mix volume of 100 ml. All treatments were compared with a control of conidia added to CMB without acaricides (0% RFAR).
Beauveria bassiana--acaricide mixtures were shaken at 200 rpm for 16 h at room temperature. Each mixture was diluted 10,000 times, and 0.1 ml was spread onto CMA plates kept at 26ЊC. Colony-forming units (cfu) were counted 3 d later, and percentage of survival was calculated. Three plates and four replicates were studied for each treatment, and data were analyzed by ANOVA and DGC test.
LC 50 Assessment
Rhipicephalus (Bo.) microplus eggs were used to estimate the LC 50 of the six preselected isolates of B. bassiana grown on CMA. Six suspensions of fungal spores in TWEEN 80 at 0.05% were prepared, and their concentration was quantiÞed using an improved NeubauerЈs chamber and adjusted to a Þnal concentration of 1 ϫ , and 5 ϫ 10 9 conidia/ml. A sample of 1,000 eggs (50 mg of eggs; Fernandez et al. 2002) was placed in assay tubes and submerged for 5 min in the spore suspension. Ten replicates were carried out for each isolate and concentration. Finally, eggs were incubated in a controlled environment chamber (27 Ϯ 1ЊC and RH Ն 80%) for 15 d. The following parameters were calculated:
1. larval hatching percentage 2. percentage of egg mortality as % egg mortality ϭ 100 Ϫ % larval hatching LC 50 estimation was performed by probit software (G. A. Milliken, 1989, Kansas State University) (Lecuona et al. 2001) .
Results and Discussion
Isolation of B. bassiana. We obtained 91 isolates from soil samples and 11 from incubated female ticks. The isolated fungi were identiÞed as B. bassiana (Table 1). Although both culture media used in this work were effective to isolate entomopathogenic fungi, oatmeal dodine basal medium was more speciÞc and selective than DRBC, resulting in the highest fungal growth and sporulation of B. bassiana colonies (Table 1).
Bioassays. The incubation and preÐ egg-laying periods were 25 and 3 d, respectively, both for each tick group treated with every B. bassiana isolate and the control. These data diverge from those found by Bittencourt et al. (1996) , who observed that the incubation and preÐ egg-laying periods of the fungus-treated groups and the controls were different. Their Þnding may be related to the higher conidia concentration (10 9 ) used and/or to the isolate virulence. The egg-laying period of the engorged females treated with the fungi showed statistical differences (F ϭ 25.6, df ϭ 12, P Ͻ 0.001) with the control group. Nevertheless, only the females treated with 20 B. bassiana isolates showed important reductions in egg weight. These results are in agreement with previous studies that showed that engorged females produce 90% of the spawns during the Þrst 4 d of the egg-laying period (Bittencourt et al. 1997 , Prata et al. 1999 , Fernandez et al. 2002 . Therefore, the reduction in the egg-laying period (from 15 d in the control to an average of 7 d in treated females) did not affect the number of spawning.
It is important to underscore the "bonus" effect of these B. bassiana isolates in reducing egg-laying percentages between 52 and 68% because of a paralyzing effect on the female ticks by the fungus. Hornbostel et al. (2004) have already pointed out this sublethal outcome in Ixodes scapularis ticks. These authors further showed a reduction in Þtness (fecundity and body mass) in all active I. scapularis stages, suggesting that the impact of these fungi as biocontrol agents on ticks might be higher than that suggested by mortality alone.
Only the females exposed to 10 B. bassiana isolates presented a lower percentage of larval hatching. However, most of the B. bassiana isolates did not shown an ovicide effect. These results are somewhat in agreement with Barci (1997) , who reported a decrease in the percentage of larval hatching when the eggs were treated with two isolates of B. bassiana.
Mortality of the females of Rh. (Bo.) microplus caused by the infection of B. bassiana was Ͼ80%. Because the mean survival value (7 d) was higher than the time needed to complete the spawning (4 d), the females were able to complete their life cycle and reach a high reproductive efÞciency (RE). Therefore, the high mortality of females after spawning may not result in a decrease of the population size of a cohort.
A general decrease in the values of parameters that determine the growth of a cohort (R 0 , r m , and ) was observed in treated ticks compared with controls (Table 2). The net production rate (R 0 ) presented signiÞcant differences (F ϭ 40.71, df ϭ 13, P Ͻ 0.001) compared with the controls for the isolates B. bassiana 26, 98, 132, 175, 238, and 259 . The natural intrinsic growth rate (r m ) and the inÞnite growth rate () presented signiÞcant differences (F ϭ 72.1, df ϭ 8, P Ͻ 0.001; F ϭ 12.85, df ϭ 4, P Ͻ 0.001) with regard to the controls for the same six isolates (Table 2) . Southwood (1995) pointed out that the r m is the natural intrinsic growth rate in an environment where the fecundity and the survival are maximal, without external factors of mortality. Therefore, while r m increases, the potentiality to multiply of a species increases. The r m is also the most important parameter to be estimated from a life table, because it allows the comparison of the potential growth of two species and facilitates the evaluation of fungal isolates for their use in biological control. Crespo et al. (2003) have used the same parameters to evaluate the aptitude of two species of parasitoids to control the domestic ßy (Musca domestica; Diptera: Muscidae).
The theoretical curves of population growth (Fig.  1) showed a decrease in the reproductive capacity of the females treated with B. bassiana 98, 132, and 259 compared with the control group.
With regard to the indexes of reproductive and nutritional efÞciency (IRE and INE, respectively), we observed a tendency to diminish in the presence of B. bassiana (Table 2 ). When the IRE was Ͻ50%, the female laid fewer eggs vis a vis to their biological potential, indicating that the fungus is effective in a Basal medium oatmealÐ dodine (Chase et al. 1986 ). b Dichloran rose bengal chloramphenicol agar. Gorskova (1996) , by studying females of I. ricinus infected by the same fungal species, showed that the infection caused a decrease in the number of laid eggs.
The six preselected isolates (B. bassiana 26, 98, 132, 175, 238, and 259) presented important reductions in egg weight, the lowest percentages of larval hatching, and a decrease in the population parameters and indexes of reproductive and nutritional efÞciency.
Compatibility Assays with Chemical Acaricides. The combined use of the fungus with Triatix A (amitraz 12.5%) showed that all except for B. bassiana 175 and 238 isolates were compatible with this chemical insecticide (Table 3 ; Fig. 2) . These results are, to some extent, in agreement with those by Tamai et al. (2002) , who concluded that the active compound amitraz might be used without affecting the viability of B. bassiana. Conversely, Paiã o (2000) and Oliveira and Neves (2004) found a high decrease in the viability of conidia of B. bassiana in the presence of amitraz.
The experiments with Cipersin (cipermetrine 20%) indicated that the viability of the conidia is affected partially by concentrations between 10 and 50% RFAR (Table 3 ; Fig. 3) . However, at concentrations Ͼ50% of RFAR, all isolates were incompatible with the presence of Cipersin, in agreement with Tamai et al. (2002) , who found high toxicity of cipermetrine on B. bassiana isolates. These two isolates showed a signiÞcant potentiality to decrease the number of laid eggs, the percentage of larval hatching, and the population parameters r m and . In addition, they were compatible with the chemical acaricides tested and presented the lowest values of LC 50 . However, additional research (i.e., Þeld assays with bioformulates) is needed to develop a commercial product.
Concerning the new proposed methodology, we showed its expediency to study the effect of different biological agents and conditions on the survival of tick populations. It allows the detection and evaluation of differences between the isolates, as well as the estimation of the behavior of tick cohorts. It also makes possible the use of quantitative parameters to select the most effective candidate to combine with other options in an integrated control package. 
